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(54) ANGULAR-VELOCITY DETECTING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an angular- 
velocity detecting apparatus whose detecting sensitivity is 
good by using a magnetostrictive material. 
SOLUTION: The anglulai^velocity detecting apparatus is 
provided with a vibrating body 1 1 which is composed of the 
magnetostrictive material. The detecting apparatus is 
provided with a magnetic sensor 1 2. The detecting 
apparatus is provided with a driving coil 1 3. The vibrating 
body is composed of a first pillar-shaped vibration part 11a 
and a second pillar-shaped vibration part 11b. The 
vibrating body is composed of a first connection part 11c 
and a second connection part 1 1 d. When a vibrating 
magnetic field is applied to the vibrating body 1 1 by the 
driving coil, the first and second vibration parts and the 
first and second connection parts are excited in a direction 
at right angles to a substrate. The first and second 
vibration parts are expanded and contracted at a phase 
difference of 1 80° . Therefore, when an angular velocity 
around an axis at right angles to an excitation direction, 

the Coriolis force which is vibrated in a direction at right angles to the excitation direction is 
generated, and a magnetic field whose direction is different by 180° is generated in the first and 
second vibration parts. Its magnetic flux passes a closed magnetic circuit which is composed of 
the vibrating body and the magnetic sensor, and the output of the magnetic sensor as the output 
of the angular-velocity detecting apparatus becomes a value which reflects the angular velocity 
satisfactorily. 
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W^SfcT c ^<yKJ¥;£&tiif S c £ ic J: t> IfflEA & 

mmjS.m&mcTW&tz'm 2 aiegp^^^s 1 1 1 

»c. IfflEttaif&UtQraiSaHft. iutefg2iS»ig|$, 

nes 1 assss. &a mzm 2 sKWWB«r 5 eflssss 

* £ nfcffiS^-b >"9-^r& A/T'fc 3 <_ t £ t 

fi f a 4: ^A,T-& 5 C t £ f 3 flt&R 

£ . I^IM 1 & SI 2 n ;KO#^ IgflgflO & 

ig©ra?ns^^-r5<t^^isimi stf^2 a -owe 

[000 1] 
[0 0 0 2] 

#»]&*itvt, ni¥7- 2014 omzmcumm 
ttn*m^tcftm&&mmwtfffiyr^nT^z. cam 

5W»*»6***B»f*l 0 0^r«S^T^3. Sftttl 0 

o I*, --D<Dfflffl loi. i o 2 cn^a^-rsa 

*£S3 1 0 3 tfr^dt^S, £/c. 10 1. 10 

2ii, mmm^-ffri o 4<of££-rsai8wc«i;»?gtt 
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tfiofrS BJSP loi. l o 2<o!6i&75'iRiU:K£-f 5 
TJiSiKn y *y ft*>*£C, i^ifflias loi, 102 ©Sib 
7DlRl^@!)lSlf<o*li:<J;?.ig»)ff)*lRi^c» -fnSo 

c^-fnicgBLTPSBl 0 1 . 10 2 tcffljK JSS^J 

#^{tu mm&tomc&iTmBmi o 1 . 1020 
R^-rson^aEftr*. c^msat*. &&&&& 

©S{t^Wffl3-r;l/l 0 5, 1 0 6lc.J;DfctfvrSC: 
[0 0 0 3] 

[%H^P9iL<t^i:-rsS^] ±Efif 
Lfcfcolc. #HPffil 0 1.10 2rtlcTE0lKSgW^ 

2nsfc#>. #«fflfl§3-on 05. 106 tststf s 

5. 
[0 0 0 4] 

©IMto&ltofcfiiE-rSttHtlOftaffltteifiCTI^BWf*: 

fc3y*u*%^c«*, c©3y*y*T?i^tg«f** 

ih^ 2 jgi&gp t »ac# e. mm l fc&HicTS^-r a « 
[0005] ctxictntf, sfi. m2wm$i. Rifts 

fcficMic^s^ i 3*e«©attfi»±, m i . m2mm® 

t, m i 1 jswawifcaffi-r* tss 1 ffiidsp 
ttiM^u m2S»a5(i#?i-r5 0 iMic, sia*ssp^ 

JB 2 JSftgpfflSlc^ffiTS £ % J| 1 g»gp»i#!i U « 2 
[0006] cw^Ss K^amtcfct), ^ltgidSPi: 

»2aaB«fcti*i^36i«i 8oaa*aiKi? (4hb#i s 
osa*5«w) ji«8^"r*. $fc mi. %2tm& 
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% co&mmmz. & *> <o t & s o 

[0 0 0 7 3 Sfc, HWa^3S«^mS«tcfe^Ts MfB 
K> > ARE* 1 SO'Jg 2 JBIft^flOESiffi&ttttKT 

wiEmiiEKisp. «ne»2aawk taegiais& a 

tfWESB 2 MBflHHBl&r 5 HB»>P fcER* nfcK» 

cooo8] cwcintf, mi. m2wmu<o&.$L? 
•s«iM>»ai«\ mi mm®, msta*. mzwm 

[0 0 0 9] Sfc, ±gftafit&fiBgBfc:*>^t\ (uIB 

[ooio] cmcinii, mi, »2 3^m#«ic 

tSW?tt« BWHHcJtLTaftT/W^O-p, Si 

ante* 9*1. *2»»S*:£i;6«#?tt» 

tfl 80SES*SOT, ftauticj:9fl[l. fl^n^l/ 

3, flKf, UntflttMl. S82 3-OHWTH-T*** 

fc*. ^commmm^m i , mz^^omxm-x^ 
ntf, wBam«c«k*Hie«aE»*«ffl«*n, soft it 

K»c«tSSie«ff^2ffifi:*oTtB*S*iS, C<0*§ 

So 

[0 0 1 1] Sft, MflEJBi. tB2 3-f;l/i»WelB£ 
tfHHBBkon-fflBO WB«l!i*58*r * <fc -5 lc |W| 
[0 0 12] ctilcj;ti& ttUffla-f^BBffla^ 
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[0 0 13] 

fta&tttBW* 1 - 1 ifc»5ft¥itT«KLfti 

c«ft3ia^ms«ii> s«i oichss 

nfci£»j{* 1 1 BMfrfeV* 1 2 is»# 1 i 

la-rstfcfcfcSiEi o»cH^stifcffiSiffl3'f;i' (a 
mm^^jw i 3 t*t*T^5. 
w [0014] mmwi i a* flta#ftfr&*s. ®s« 

ftfcLTlix TbFei. TbCoo.«Fei.»^I 

(830 tf£USfcM&lcj&i;fcatfMHt£U Sfc 
So cofittKi lit Kit**T'Stt^lli SidSP l 

i at nc<ira#tt?&tt4>*2snn*i i bt. 
jgiatstti i c m2mm&i 1 d£fr£#§/£2n 

T^So SUllSI&SBl 1 *<D$$l&tm2mM%il 1 b<0 

20 [0 0 1 5] mi , $2&EMttl 1 a, llbO&44> 

1 1 cl±, JRl. Sg2jg»gPl 1 a, 1 1 bWfi*£@5£ 
fflS^SPt: SWffll^ (««i ofr&tHtftttl) t 
T, gllMMISl 1 a t^2S«gi5l 1 bt=&S*SLT 
|g2»!gg!5 1 1 dttv «SlC«»HSSnT«/'» 

t, mi. m2M®&i i a, 1 1 b^ssjfi^gpffiic 

[0 0 16] flS^-teV+M 2»±> *-^*»54oT 

30 uft«E*ai*-r*. ««-t>i?-i 2 a, ^23^1 
i dfcB-waB««*«u iwim 2 a^ep 1 1 do*m 

[ooi 7] 0 5 tt % AafttttUSBOtttBl9IS<0*W 
**LW«. COttHJIHRtt, Sai^-fe^-9-1 2<DM^ 
A^^n^AC18*BlHlK2 1 A C«iti@K2 1 
i«RStl^RWttiftlBlB2 2 fc, ln!W^&lHlS82 2tg 

^?nr=Dct»it@ieiK2 3 1, mwim^^fri 3Rxrm 

S. 

40 [0018] w±©*5t#tes«nfcftas«fli 

SBCf^Wlcov^TSiW-rsi:. SI6lslEg2 4 tim^© 

*2tg»|gPl 1 a. 1 1 b©g^lRjfcjfioTtBSI , rS 
ffittiSI? *5B&-r*. SfoT, »»1 

1 0 Kft&'rSjBrA (HlfcSUfcY«i*iRl) tcfe^^T 
JO [0 0 19] 6>*>5«fil»Cfe(/->T, tg»f*l 1 tHfiift 
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#1 i <DWg)jJ3fatm3i-?z>fti (0i icTTshtz zm) m 

K> 5 £ , MISft l l wS-gBlUi 3';*'J 
^ji'SatS, C^^U^-y^jli, Sltc^cBlC, Die 

&tfitofc>-3*:£Mfi©®fitt (ZW^IrI) ^it^-TS* 

[0020] £(D^v*VMc&K>. J6ffirt*i l <o£-gp 
tixtt73iRitc^-r5. coti*. sgiassan i 
g&si±s gi, mzmm^i i a, i i b<omw.\ o 

5. Sffil 0tc@^$tiT^5gS^ia«|fi, 
LfcJc-Jfc:, fgltliSSfll 1 attHkbU mzWMffil 

i bi±#n-r3„ as^ ^ia«5sui 1 cf'mzwm^ 

lc, SllilfSgPl 1 att#»U Sg2tgftgPl 1 b tiifS 

[002 1] C^Hi. tt&&*l<:J:9. SglgftfflSl 
1 a i:^ 2 S»gP 11 btt, »«1 0»Cig3?-rS7?|pI 
(YttCSlRj) T5t^C|Rl$j5)M 8 0*g&3lKJ? (film 
AM 80SS^SJK^) ^^-TSo £7c, £1. S2 
Jgftgpi 1 a, 1 1 btifgl3*SSI5l 1 &tfSg2* 

mm i dteT3»&«T^*7fc»* iri. 

1 a, 1 1 blc«*Lft«IM)«««:, mi**S$l 1 
at, ^2^SP1 1 dfttffit*fe:/?l 2£, Sg2j£ 
MSHi l bfc, gnSttS&l 1 c fc;&lKES£LTSM-r 

[002 2] CtUCi'?. gl, Sg2iSI&8I5l 1 a, 1 

ftoTBSU «*-feV9-l 2%»i-r«. COlS*, 

[0 0 2 3] ±e«*H*>"*l 2<0^LfcSjE«, A 
Ciiif@lHlSS2 l£T4HR2tU BUBtt«HlB2 2lcaSHJ 

sn*. nMtfcttnB2 2«, mm®m2 4#&«Mm 

*A*U K»SSiiRUB*i:»)*^?»ACii«liIK2 

L) . g«t&«fI^£«#LTDCifipg{H]B2 3»c&m 
t5, DC*«HHI2 3U:» C©SKNI*fc«i:**L 

[0024] tLh»csiwLfc«t 5tc, «i msmmic^ 

V>Ttt, ftjUBMD«3-9fcV«lCffl. Sg2fgf&a5l 1 
a, 1 1 bte^*-**JM>l*l*tt:»Rl 01ci££tS 

coSSWOBJJSli, iSKrffcl 1 fcBMfrfeytfl 2*MftSf 
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samBrt^jfis-rso ccft», mimmsm i a^ 

n<;*'J*jl;:<fc3fiBI?i:. SB2SMfll.l l b©3U*y 
#fc*S«ff ci:*<MU Mo, 

[0 0 2 5] *|C S *«W©»2SO»BJI»cr3l , 'TBl6 

io jftAtttbttflte 2-2 »fc»9ftJFffifcT«WrbftlHB 
fc8SM*3 1 ttttJfflO* 1 . 123^3 2, 3 3 

[0026] stt{*3 1 a, mi mmBt&(omsm 1 1 

1JH&SB3 1 at, Hl5<*H*(*Tatt©*2S»» 
3 1 bi, Ml®i^a5 3 1 ct, Jg2SMflS3.1 di:A^ 

&«bAsnT^«. sgiig*igP3 1 a<DWHtfg2mm 

20 SP3 1 b©«6Bt±TOk*oT^S. 

[00 2 7] t6iSf*:3 1 <0«jgl3:, ttjd-bV^ 1 2 
VTJB 1 *&BBtt<DSlW* 1 10«fti:H-T*8. EP 
■6. Kl. S&2JS»aB3 1 a, 3 1 b«S4r<0-ffigP 

i±s a*E3 0fc»«HjesnTt'«*. ^13^353 1 c 

lix 8«3 0*^«fflLfcffiH»CTmitSi6SP3 1 a t 
^2^16353 1 b fc;&Sa*§LT^£o m2SiSgP3 1 d 

a, gffiic&SH^stiT^T. mi. ^2tgi!ia53 1 

a, 3 1 bOS«ifi«faWftlCTiS#*jBISLTV*. 
[0 0 2 8] ^1 a^;P3 2«, Ml Mi&gi53 1 alC^I 

35 3 1 a<0AHic#B2tU miSttSP3 1 art^rilji 

-Y;l/3 3t±, m2jglbgP3 1 b te$8£LTVSHW*lft 
m-T5fc46iD>£>(OT*^'?, m2S«|gP3 1 b£DSH»C# 

in? m2iiibgP3 i brt^aii-rsa^^as-rs 

[0 0 2 9] B*ffl3-f;l'3 4tt, ®K){*3 l ic^iftaE 

1, 12 3^3 2, 3 3^aH-T5J:7»J:#lHl2nS 
i:i:t.lc % g«3 otcH^SfttvS. 
[0 0 3 0] H8tt> ±CJB2HaiBgJRl!:fl5«ftaK« 
ffi«II«)*tlJHiSO«W«*bT«f^*. cotWBElR 

a, 0 5 ic^Lfcm i sat*«tefl5««tH@Bfc»i/^ 

[003 1] C©«.ttilHlSS«A^gP«, MKllt'HigO P 
S«|ti*iigOP<oy7X®IA*«»«g 
50 Mr l*ftLT&l SCSI'S 2lc£St3ft«&£ i e>lc& 
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JaR 1 ZftLT&t&zn, I4git r 2?: 

^LT«23^;|/3 3»cg^tlT^So Site, ft** 

[oo3 2] &»c, jK±o*5fc«i«*nfcftattttta 
msh#3 1 <omi, ftja*ic«i:»3y*y*<D»fc ^ 

S5. BP'S, ^gSb^3 1 fc)tfbTBi(fl8J?fc«fc5«Kl73 
|f0 (H6<OYtt?5riRl) fcit$-rs«fi (l6CZi) Jit) 
©fcaSKfitofc*^ atlJS»8!53 1 afcfg2tgKgI53 
1 btt, Sfi3 0fcgt2SE-rS^TS^k:rSj**M 8 0 
jeS^SK^ ({frffltfl 8 0SS*51SI?) «8£T 

CO 0 3 3] Sfc. Sftl , Sjl2jSSiaS3 1 a, 3 1b« 
|gl 3*58153 1 c, Rcrm29liff3 1 dfcTaiSSft 
T^Sfc*. Sftl , Sg2&»g|5 3 1 a, 3 1 bfcSKfeb 

di:, m2S«igi53 1 bt, ^iaiBgP3 i ctttmm 

£bTjffi©f5o CtltW, 31 1. ^23^32, 
3 3fclt4, jSflftltfl 8 0SSft5TO«t3. 
[0034]-^, ^1, ^23^1/3 2, 3 3<D&« 
tcti. «*ffla-f;l/3 4fc**-8aWKI!tOKJiai t ra— * 
iRlfca^fS. CVfztb, mi, 823^*3 2, 3 3 

[0 0 3 5] CKDfgl, 823^1/32, 33©Kgf 
EEtts Mf&if (Egg O Pic Arts *U M»lfi(BSOPt±, 

«E»«««StU ft3*«teJ:!3*3'f>i'3 2, 3 3»c 

Officii. ACttiffllHiK2 IfcTHMgStU MBtftttB 
K2 2 fCTSSK&tPW^tU D CHMBSB2 3 teT« 

ifgbTm^5ns„ 

[0 0 3 6] JiLhtgiWbfc<J:5lc, IB2S®SJgJ8fc« 
§3^3 2, 3 3t^|jigtJ:SgSe*tlS«ff 

[0 0 3 7] VllC, 4^6WO»3**««HC-3V»TBa9 

~0 1 i*«BuooiaB«i:« S9t±, mz$m& 
m\c%z>ftmm&amw<DiEffi®X'&i9. mi on, m 

teTBWbfcl*fflflJ©=i^;l/ «13^;K f2 3^ 
32, 3 3) jbW»ffl<03^£bTfcfflV>£ft5j£»;: 
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fttttfttiifflOJBl. »2=i-OM 2. 4 3£**M.TV> 
[0 0 3 8] SUM* 4 1 tt, tt2*Stt}gg4)&l!jtt3 1 

i«ttgP4 ui, Bi;<i8ii[*#Ta«o»2aawu 

4 1 b t, £USt334 1 c t, 121^4 1 d tfr 

enMsfiTi^s. miwsm* 1 *mmnmzmb 
[0039] jsfft&4 1 ©siitii. * 2 Bureau: n- 

Z'&Zo BP*,, mi , Sg28i»giJ4 1 a, 4 1 bO&>Sr 
£D— S»14, ««4 0e»»H£SftTV'S. Sg 1 
»4 1 c«, St54 0*>e»l»rabfcffiSk:T^l«ffilSi5 
4 1 a£Sft2gl!)g04 1 bfcfcjgJSbTV*. Sg2jgji£ 

gP4 1 dti. sBKB&a&stiTv-tT* mi, mzm 

MOM 1 a. 4 1 b©»S3g^SI5fflfcTM#*a^bT 
[0 0 4 0] mi 3-f>U4 2«, BlgOHM 1 a(z:*f 

20 bM£©««RtfB»©B»«jmfr#bTra» 1 sa& 

SP4 1 a£tg»;*-e3i:i:fcfc, BlBKlSfU 1 afcfg 

^bT^5a^%«a-rstei6o«.<o-e»t), biski 

SP4 1 a<D^ffllC#lHl?n^ SflljSIS35 4 1 art$rffli§ 

-ow 3t±, mzwmm^ 1 b icm L-xm^ciwrnms 
mm<DmwMRittt i *L,xmmzws>s®4 1 bttmm-z 

*5tttt, m2Mm&4 1 bfcB£bTV*«B* 
*flir*fc»0«>OT*»3, m2W®S&4 1 b<D/SHK 

#@^n. ^2S»gP4 1 brt%»af 
;P4 2i:|S|-flD^7c (giatt. 4"yjr*>yx» *W 
[0 0 4 1 ] 0 1 1 14, ±flB»3HM0^tt(i:«SA»A 

ttmsfflottaHKowsfc^b-t^s. co^aiHiK 

14, B8 lc^b^lB2mft^tt(cffi«ttffigieicjttb, 
BftlsIfS2 4*«»1. 82 3-f;H 2, 43fCgtaRl 

2 . 4 3 »c ttH-SMBtfra— mBOBlMffisW^* 
[0 0 4 2] mc, JK±o<k5K:«l««nftfti8S«lH 
M®){*4 i<t)tg» s A9fttcJ:«aU4-UA09B^ => 

u*y*te*sa«#4 1 o#*n, st/jtiKif*4 1 
ast^-?«iW)^cov^Ti4, jRi, mzmmnt 

[sI^T-feSo HP*, tgiftf*4 1 lc*fbTig»a!?fc<i:3 
Stt^KH (09«Yift^(Ri) i:itS-rstt (09^ Z 
MD 51tJOftjSa*%to5^, miffi»)gP4 1 atm2 
m®&4 1 bit, Sffi4 0tfi^-r5^lRlT?lRl**n 8 
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[0 0 4 3] fgl , m2M»SP4 1 a, 4 1 bti 

gnatssM 1 c, Rt/^2aiga54 1 dttie^n 

X^&1ttf>, mi , mzWm^A. 1 a, 4 1 btcfg*£L 

tcMfwmmt, sgiassau 1 at, m2m&&4 1 

dt, Sg2JS»SP4 1 bt, »im^»4 .1 c fc^ffiBS 

tLTjfjg-rSo c*Uc<kS, an, S2n-f;H2, 

[0 0 4 4]-^ SI, 823^4 2, 4 3<9#>«r 
icti, mi, S2^;V4 2, 4 3^5K»HKI?OfiBt 

^iHi-^iRitc^-rso ewfeto, mi, mz^)\> 

4 2, 4 3<Q#^lCf££fS^ig®ffl;i:, ft&fiJCfct) 
[0 0 4 5] C<DSfSl, l23/f;M2, 4 3<D^jg« 

^f&itiiefgopicA^a-n, mmmmssopit. 

«ffi»«*BS:«tu ft&mcZ.K>&^'()\>4 2, 4 3K 

^i:fcii^mjE^2^t*-5Tm^2n5o ^lt, c 
(orntiit. Actti|giniss2 uexmrnztx, mm&miB} 
e&2 2\cxmsRvm#ztu d c$fB0Eg2 3tcxii 

[0 0 4 6] JM±»cSiWLfc:<t'5tC. £ 33fc6ftg«H<:*; 
fc, S-a-OW 2, 4 3lcgij&gl;: < };3^ii2£n3mE 

^2«t?tiTm*stis 0 ^t>T, a»^ai^js=& 
wrs^ii*«im^BA^«$n5o £fc &&&&& 
m<om i . g23^i/4 2, 43 &mmmmnz¥££.-z 

[0047] mmtfn*m->rzft&A&mmm<o 
fflc^ssjg^fco^ra 1 2R1/01 3*#MLo-Pifi 

liHf-Si:, @l 2t±, frfr3SMg&mgM<DWS*«l 

0&t>, @i 3i±, 01 2<oftjis«aistB«:4-4ia 

«, mi*S6«®f:l5l««oM^^e>^^nTv^ 

t, sbb 5 o a , mmm^jo® sob, jH*ttHis&x 
[0048] ©jmaj^xsp 5 o b v&wftmewzm 

\,X^X, SSP5 0 a*^-?5rtC#t/T^5, ®Mm& 
0 biD^IRIStca. ^HtX^t^StR^^-V 
«r#t-S<tdtcAu^»LfcS!)^r3'r;l/5 1 a. 5 
lb, 5 2 a. 5 2 btf&fS.ZtlX^Z* f£WflmX0P 

5 o c «, mmm^xtt sobt m-mx*^ lx^ 
x, mmmm^5 o b tm^comm^mxr^smK, 
aas 5 o a frZwm-j3icfoimMmmx.& 5 0 b tw- 
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CLAIMS 



[Claim(s)] 

[Claim 1] The oscillating object which consists of a magnetostriction ingredient fixed to the 
substrate, and the driving means which generates the drive field which vibrates said oscillating 
object in the direction which intersects perpendicularly with a substrate, While having a detection 
means to detect the field which said oscillating object generates, making this oscillating object 
produce Coriolis force according to the angular velocity of the circumference of the shaft which 
intersects perpendicularly with the oscillating direction of said oscillating object, making this 
oscillating object distorted by this Coriolis force and generating a field In the angular rate assembly 
which detects said angular velocity by detecting this generating field with said detection means said 
oscillating object The angular rate assembly characterized by coming to contain the 1st connection 
section which connects the 1st oscillating section of the shape of a column by which the end was 
fixed to said substrate, the 2nd oscillating section of the shape of a column by which the end was 
fixed to said substrate, and said 1st oscillating section and said 2nd oscillating section in the location 
estranged from the substrate. 

[Claim 2] It is the angular rate assembly according to claim 1 characterized by coming to contain the 
magnetometric sensor arranged all over the closed magnetic circuit in which said 1st oscillating 
section, said 2nd oscillating section, said 1st connection section, and said 2nd connection section 
form said detection means while having the 2nd connection section which consists of an ingredient 
which has the permeability of said magnetostriction ingredient, and the permeability more than an 
EQC, and connects said 1st and 2nd oscillating section by said part near the substrate. 
[Claim 3] Said detection means is an angular rate assembly according to claim 1 characterized by 
coming to contain the 1st coil which winds said 1st oscillating section, the 2nd coil which winds said 
2nd oscillating section, and an operation means to output the difference of the induced voltage 
produced in said 1st and 2nd coils. 

[Claim 4] Said driving means is an angular rate assembly according to claim 3 characterized by 
consisting of drive circuits which pass a current in these 1st and 2nd coils so that each of said 1st and 
2nd coils and these 1st and 2nd coils may generate the drive field of the same amplitude and the 
same phase. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the angular rate assembly which has a high 
detection precision especially about the angular rate assembly using a magnetostriction ingredient. 
[0002] 

[Description of the Prior Art] Conventionally, the angular rate assembly of various formats is known 
and the angular rate assembly which used the magnetostriction ingredient is indicated by JP,7- 
20 140, A. This indicated angular rate assembly is equipped with the oscillating object 100 which 
consists of a magnetostriction ingredient as shown in drawing 14 . The oscillating object 100 consists 
of the two legs 101,102 and the connection section 103 which connects this. Moreover, the leg 
101,102 is carrying out crookedness vibration by the excitation community which the coil 104 for a 
drive generates. If the angular velocity shown by the drawing Nakaya mark is added by this, Coriolis 
force will arise in the direction which intersects perpendicularly in the oscillating direction of the leg 
101,102, and the oscillating direction of this leg 101,102 will shift from the direction of vibration 
only by the excitation community. Therefore, the stress which originates in this gap and is 
committed to the leg 101,102 changes, and the field which this leg 101,102 generates according to a 
reverse magnetostrictive effect changes. This detection equipment is detecting change of this field 
with the coil 105,106 for detection, and detects the angular velocity which has joined this equipment. 

[0003] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional angular 
rate assembly, since a closed magnetic circuit is formed within each leg 101,102 as the broken line 
showed in drawing 14 , the magnetic flux interlinked with each coil 105,106 for detection has the 
problem that become very few things as total and the detection sensitivity of angular velocity 
becomes very low as a result. 
[0004] 

[Summary of the Invention] This invention is made that the above-mentioned technical problem 
should be coped with. The description The oscillating object which consists of a magnetostriction 
ingredient fixed to the substrate, and the driving means which generates the field which vibrates said 
oscillating object in the direction which intersects perpendicularly with a substrate, While having a 
detection means to detect the field which said oscillating object generates, making this oscillating 
object produce Coriolis force according to the angular velocity of the circumference of the shaft 
which intersects perpendicularly with the oscillating direction of said oscillating object, making this 
oscillating object distorted by this Coriolis force and generating a field In the angular rate assembly 
which detects said angular velocity by detecting this generating field with said detection means said 
oscillating object It is in coming to contain the 1st connection section which connects the 1st 
oscillating section of the shape of a column by which the end was fixed to said substrate, the 2nd 
oscillating section of the shape of a column by which the end was fixed to said substrate, and said 1st 
oscillating section and said 2nd oscillating section in the location estranged from the substrate. 
[0005] According to this, since it is vibrating in the direction which intersects perpendicularly with a 
substrate, if the angular velocity of the circumference of the shaft which intersects perpendicularly 
with the oscillating direction joins these, Coriolis force will produce the 1st and 2nd oscillating 
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section and the 1st connection section in this oscillating direction and the direction (direction parallel 
to a substrate) which intersects perpendicularly. At this time, the amount of displacement of the 1st 
connection section in the location distant from the substrate fixed part becomes large compared with 
the amount of displacement near the substrate fixed part of the 1st and 2nd oscillating section. 
Therefore, if the 1st connection section displaces to the 1st oscillating section side, the 1st oscillating 
section will be reduced and the 2nd oscillating section will be elongated. On the contrary, if the 1st 
connection section displaces to the 2nd oscillating section side, the 1st oscillating section will be 
elongated and the 2nd extension will be reduced. 

[0006] Consequently, in the 1st oscillating section and the 2nd oscillating section, the field (field 
from which a phase differs 1 80 degrees) from which a direction differs 1 80 degrees occurs according 
to a magnetostrictive effect. Moreover, since the 1st and 2nd oscillating section is connected in the 
1 st connection section, the magnetic flux of the field generated to each passes connection circles as a 
magnetic path. Thereby, the magnetic flux of the field which each oscillating section generated 
serves as the same sense on a magnetic circuit, and is superimposed, consequently magnetic field 
strength increases. In order that the above-mentioned angular rate assembly may detect this field, 
that detection sensitivity will become good. 

[0007] Moreover, in said angular rate assembly, while having the 2nd connection section which 
consists of an ingredient which has the permeability of said magnetostriction ingredient, and the 
permeability more than an EQC, and connects said 1st and 2nd oscillating section by said part near 
the substrate, it is suitable to come to contain the magnetometric sensor with which said detection 
means was arranged all over the closed magnetic circuit which said 1st oscillating section, said 2nd 
oscillating section, said 1st connection section, and said 2nd connection section form. 
[0008] According to this, the magnetic flux of the field which the 1st and 2nd oscillating section 
generates will pass through the inside of the closed magnetic circuit which the 1st oscillating section, 
the 1st connection section, the 2nd oscillating section, and the 2nd connection section form, and a 
magnetometric sensor will be arranged in this closed magnetic circuit. Therefore, since it becomes 
possible to pass the great portion of magnetic flux of the field which the 1st and 2nd oscillating 
section generates in a magnetometric sensor, the angular rate assembly which has good detection 
sensitivity is offered. 

[0009] Moreover, in the above-mentioned angular rate assembly, it is suitable for said detection 
means to come to contain the 1st coil which winds said 1st oscillating section, the 2nd coil which 
winds said 2nd oscillating section, and an operation means to output the difference of the induced 
voltage produced in said 1st and 2nd coils. 

[0010] According to this, to each of the 1st and 2nd coil, the magnetic flux of a field and the 
magnetic flux of a drive field which were generated (namely, Coriolis force) interlink with angular 
velocity. For this reason, the output voltage of the 1st and 2nd coil serves as a value which applied 
the induced voltage produced by the drive field to the induced voltage based on the field produced 
with angular velocity. However, generally the field generated with angular velocity does not have 
good detection sensitivity by having considered output voltage of the 1st or 2nd coil as the output of 
an angular rate assembly as it was to the drive field, since it was very small. On the other hand, also 
in the field from which the direction produces them in the 1st and 2nd coil with angular velocity 
since the fields produced in the 1st and 2nd oscillating section with angular velocity differ 180 
degrees, the directions differ 180 degrees. Therefore, the induced voltage which each coil generates 
differs in the phase 180 degrees. On the other hand, since the drive field is the same between the 1st 
and 2nd coil, the induced voltage is also the same between the 1st and 2nd coil. Then, if it constitutes 
so that the difference of the electrical potential difference produced in the 1 st coil and the 2nd coil 
with an operation means may be outputted as mentioned above, a part for the induced voltage by the 
drive field is offset, and the induced voltage by angular velocity will become twice, and will be 
outputted. Consequently, the angular rate assembly which has good detection sensitivity is offered. 
[001 1] Moreover, in the angular rate assembly equipped with said 1st and 2nd coil and arithmetic 
circuit, it is suitable that said driving means consists of drive circuits which pass a current in these 
1st and 2nd coils so that each of said 1st and 2nd coils and these 1st and 2nd coils may generate the 
drive field of the same amplitude and the same phase. 

[0012] According to this, since the coil for detection can be used as a coil for a drive, an angular rate 
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assembly can be manufactured at a low price. 
[0013] 

[Embodiment of the Invention] When it explains hereafter, referring to a drawing about each 
operation gestalt of this invention, drawing 1 is the front view of the angular rate assembly 
concerning the 1 st operation gestalt, and drawing 2 is the sectional view which cut the angular rate 
assembly of drawing 1 at the flat surface which met one to 1 line. This angular rate assembly is 
equipped with the oscillating object 1 1 fixed to the substrate 10, the magnetometric sensor 12, and 
the coil 13 for a drive (coil for excitation) fixed to the substrate 10 while winding the oscillating 
object 11. 

[0014] The oscillating object 1 1 consists of a magnetostriction ingredient. TbFe2 and TbCo0.4Fel.6 
grade are used as a magnetostriction ingredient. It has the property (magnetostrictive effect) of 
displacing if these magnetostriction ingredients will generate the field according to this displacement 
if a variation rate (distortion) arises as shown in drawing 3 , and a field is added. This oscillating 
object 1 1 is constituted from column-like 2nd oscillating section lib, 1st connection section 11c, and 
the 1 Id of the 2nd connection sections by the abbreviation rectangular parallelepiped as well as 
column-like 1st oscillating section 1 la in the abbreviation rectangular parallelepiped. The axis of 1st 
oscillating section 11a and the axis of 2nd oscillating section 1 lb are parallel. 
[0015] Adhesion immobilization of each end section of the 1st and 2nd oscillating sections 11a and 

I lb is carried out at the substrate 10. 1st connection section 11c has connected 1st oscillating section 
11a and 2nd oscillating section 1 lb at the substrate fixed side edge and opposite side edge (location 
estranged from the substrate 10) of the 1st and 2nd oscillating sections 1 la and 1 lb. Adhesion 
immobilization is carried out and the 1 Id of the 2nd connection sections has connected both with the 
substrate by the part near the substrate of the 1st and 2nd oscillating sections 11a and 1 lb. 

[0016] The magnetometric sensor 12 consists of a hall device, and as shown in drawing 4 , it outputs 
the electrical potential difference according to the magnetic flux (field) to pass. A magnetometric 
sensor 12 has the same cross-section configuration as the 1 Id of the 2nd connection sections, and it 
is arranged so that it may be embedded in the mid-position of the lid of these 2nd connection 
sections. 

[0017] Drawing 5 shows the outline of the detector of an angular rate assembly. This detector is 
equipped with the AC amplifying circuit 21 where the both ends of a magnetometric sensor 12 were 
connected, the synchronous-detection circuit 22 connected with the AC amplifying circuit 21, the 
DC amplifying circuit 23 connected with the synchronous-detection circuit 22, and the drive circuit 
24 connected with the coil 13 for a drive, and the synchronous-detection circuit 22. 
[0018] Next, if actuation of the angular rate assembly constituted as mentioned above is explained, 
the drive circuit 24 will impress the driver voltage of a predetermined frequency to the coil 13 for a 
drive. Thereby, the coil 13 for a drive generates the drive field (field for excitation) which vibrates 
along with the longitudinal direction of the 1st and 2nd oscillating sections 11a and 1 lb to the 
oscillating object 11. Therefore, each part of the oscillating object 11 vibrates in the direction (Y 
shaft orientations shown in drawing 1 ) which intersects perpendicularly with a substrate 10, as 
arrow heads A and B showed to drawing 1 . This vibration has the same period (henceforth a "drive 
period") as driver voltage. 

[0019] In this condition, if the angular velocity of the circumference of the shaft (Z-axis shown in 
drawing 1 ) which intersects perpendicularly with the oscillating direction of this oscillating object 

I I joins the oscillating object 11, Coriolis force will occur to each part of the oscillating object 11. 
This Coriolis force vibrates the same period as a drive period in the oscillating direction (Y shaft 
orientations) of the oscillating object 11, and the direction (X shaft orientations shown in drawing 1 ) 
which intersects perpendicularly with the added revolving shaft (Z shaft orientations) of angular 
velocity, as arrow heads C and D showed to drawing 1 . 

[0020] Each part of the oscillating object 1 1 deforms into X shaft orientations by this Coriolis force. 
At this time, the amount of displacement of 1st connection section 1 lc becomes large compared with 
the amount of displacement near [ which is being fixed to the substrate 10 of the 1st and 2nd 
oscillating sections 11a and 1 lb ] the part. It is because a free variation rate is regulated near [ which 
is being fixed to the substrate 10 ] the part. Therefore, if 1st connection section 11c displaces to the 
1st oscillating section 11a side, as the arrow head E showed to drawing 1 , 1st oscillating section 11a 
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will be reduced and 2nd oscillating section 1 lb will be elongated. On the contrary, if 1st connection 
section 11c displaces to the 2nd oscillating section side 1 lb side, as the arrow head F showed to 
drawing 1 , 1st oscillating section 1 la will be elongated and 2nd oscillating section 1 lb will be 
reduced. 

[0021] Consequently, 1st oscillating section 11a and 2nd oscillating section 1 lb generate the field 
(field from which a phase differs 180 degrees) from which the sense differs 180 degrees mutually 
towards intersecting perpendicularly with a substrate 10 (Y shaft orientations) according to a 
magnetostrictive effect. In 1st connection section 11c and the lid of the 2nd connection sections, 
connection, now since it is, the 1st and 2nd oscillating sections 11a and 1 lb moreover, the magnetic 
flux of the field generated in the 1st and 2nd oscillating sections 11a and 1 lb 1st connection section 

I la, the 1 Id of the 2nd connection sections and a magnetometric sensor 12, 2nd oscillating section 
lib, and 1st connection section 11c are passed as a magnetic path. If it puts in another way, a closed 
magnetic circuit will be formed by the oscillating object 1 1 and the magnetometric sensor 12. 
[0022] Thereby, the magnetic flux of the field which the 1st and 2nd oscillating sections 11a and lib 
generated serves as the same sense on a magnetic circuit, is superimposed, and passes a 
magnetometric sensor 12. Consequently, a magnetometric sensor 12 generates the electrical potential 
difference which has the amplitude according to the added angular velocity, and has the same period 
as a drive period. 

[0023] The electrical potential difference which the above-mentioned magnetometric sensor 12 
generated is amplified in the AC amplifying circuit 21, and is sent out to the synchronous-detection 
circuit 22. The synchronous-detection circuit 22 inputs the signal from the drive circuit 24, it 
rectifies the output signal of the AC amplifying circuit 21, taking driver voltage and a 
synchronization (reversing a negative electrical-potential-difference part on a forward electrical 
potential difference), integrates with the signal after rectification, and sends it out to the DC 
amplifying circuit 23. The DC amplifying circuit 23 amplifies this integral signal further, and outputs 
it. This serves as the final output as an angular rate assembly. 

[0024] As explained above, when angular velocity is added in the 1st operation gestalt, the sense of 
the field generated in the 1st and 2nd oscillating sections 11a and 1 lb is a direction which intersects 
perpendicularly with a substrate 10, and differs 180 degrees mutually. Moreover, the magnetic flux 
of this field passes through the inside of the closed magnetic circuit which the oscillating object 1 1 
and a magnetometric sensor 12 constitute. For this reason, a magnetometric sensor 12 is passed, 
without superimposing, without the field by the Coriolis force of 1st oscillating section 11a and the 
field by the Coriolis force of 2nd oscillating section 1 lb offsetting each other, and that magnetic flux 
almost leaking outside. The angular rate assembly which has good detection sensitivity by this is 
offered. 

[0025] Next, when it explains referring to drawing 6 - drawing 8 about the 2nd operation gestalt of 
this invention, drawing 6 is the front view of the angular rate assembly concerning the 2nd operation 
gestalt, and drawing 7 is the sectional view which cut the angular rate assembly of drawing 6 at the 
flat surface which met two to 2 line. This angular rate assembly is equipped with the oscillating 
object 31 fixed to the substrate 30, the 1st and 2nd coil 32 and 33 for detection, and the coil 34 for a 
drive fixed to the substrate while winding these. 

[0026] The oscillating object 31 consists of the same magnetostriction ingredient as the oscillating 
object 1 1 of the 1st operation gestalt, and is constituted from column- like 2nd oscillating section 
31b, 1st connection section 31c, and the 3 Id of the 2nd connection sections by the abbreviation 
rectangular parallelepiped as well as column-like 1st oscillating section 31a in the abbreviation 
rectangular parallelepiped. The axis of 1st oscillating section 31a and the axis of 2nd oscillating 
section 31b are parallel. 

[0027] The structure of the oscillating object 31 is the same as the structure of the oscillating object 

I I of the 1st operation gestalt except for a magnetometric sensor 12. That is, adhesion 
immobilization of each end section of the 1st and 2nd oscillating sections 31a and 31b is carried out 
at the substrate 30. 1st connection section 31c has connected 1st oscillating section 31a and 2nd 
oscillating section 31b in the location estranged from the substrate 30. Adhesion immobilization is 
carried out and the 3 Id of the 2nd connection sections has connected both with the substrate by the 
part near the substrate of the 1st and 2nd oscillating sections 31a and 31b. 
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[0028] The 1st coil 32 is for detecting the field generated in 1st oscillating section 31a, it is wound 
around the perimeter of 1st oscillating section 31a, and the magnetic flux which passes through the 
inside of 1st oscillating section 31a interlinks it. Similarly, the 2nd coil 33 is for detecting the field 
generated in 2nd oscillating section 31b, it is wound around the perimeter of 2nd oscillating section 
31b, and the magnetic flux which passes through the inside of 2nd oscillating section 31b interlinks 
it. It has the clue [ with this 2nd same coil 33 ] origin as the 1st coil 32 (resistance, inductance, etc.). 
[0029] The coil 34 for a drive is for giving a drive field to the oscillating object 31 and vibrating this, 
and it is being fixed to the substrate 30 while being wound so that the 1st and 2nd coil 32 and 33 may 
be surrounded. 

[0030] Drawing 8 shows the outline of the detector of the angular rate assembly concerning the 
above-mentioned 2nd operation gestalt. Only the input sections differ to the detector concerning the 
1st operation gestalt which showed this detector to drawing 5 . Therefore, the same sign is given to 
the same component and the explanation is omitted. 

[0031] The input section of this detector is equipped with the differential amplifier OP. The plus side 
input terminal of the differential amplifier OP is grounded through resistance Rl while connecting 
with the 1st coil 32 through resistance rl, and the minus side edge child is connected to the 2nd coil 
33 through resistance r2. Moreover, the output terminal of the actuation amplifier OP is connected to 
the minus side input terminal through the feedback resister R while connecting with the AC 
amplifying circuit 21. 

[0032] Next, if actuation of the angular rate assembly constituted as mentioned above is explained, 
about generating of the field accompanying vibration of the oscillating object 31 by impression of 
driver voltage, generating of the Coriolis force by angular velocity, telescopic motion of the 
oscillating object 31 by Coriolis force, and telescopic motion of the oscillating object 31, it is the 
same as that of the 1st operation gestalt. That is, if the angular velocity of the circumference of the 
shaft (Z-axis of drawing 6 ) which intersects perpendicularly with the oscillating direction (Y shaft 
orientations of drawing 6 ) by the drive field to the oscillating object 31 is added, 1st oscillating 
section 31a and 2nd oscillating section 31b will generate the field (field from which a phase differs 
180 degrees) from which the sense differs 180 degrees mutually towards intersecting perpendicularly 
with a substrate 30. 

[0033] Moreover, since the 1st and 2nd oscillating sections 31a and 31b are connected in 1st 
connection section 31c and the 3 Id of the 2nd connection sections, the magnetic flux of the field 
generated in the 1st and 2nd oscillating sections 31a and 31b passes 1st oscillating section 31a, the 
3 Id of the 2nd connection sections and 2nd oscillating section 31b, and 1st connection section 31c as 
a magnetic path. Thereby, in the 1st and 2nd coil 32 and 33, the magnetic flux from which a 
direction differs 1 80 degrees passes. 

[0034] On the other hand, to each of the 1st and 2nd coil 32 and 33, the magnetic flux of a drive field 
with the coil 34 for a drive interlinks in the same direction. For this reason, the induced voltage 
generated to each of the 1st and 2nd coil 32 and 33 has the same amplitude produced with angular 
velocity, and the induced voltage from which a phase differs 1 80 degrees, and the amplitude and 
phase which were produced by the drive field serve as a value which applied the same induced 
voltage. 

[0035] The induced voltage of this 1st and 2nd coil 32 and 33 is inputted into the differential 
amplifier OP, and the differential amplifier OP outputs the difference of both electrical potential 
differences. Consequently, a part for the induced voltage by the drive field is offset, and the induced 
voltage produced in each coils 32 and 33 with angular velocity becomes twice, and it is outputted. 
And this output is amplified in the AC amplifying circuit 21, and the synchronous-detection circuit 
22 is rectified and integrated with it, and it is amplified and outputted in the DC amplifying circuit 
23. 

[0036] As explained above, while a part for the induced voltage by the drive field is offset, in the 
2nd operation gestalt, it is outputted to each coils 32 and 33, the electrical potential difference by 
angular velocity by which induction is carried out being used as twice. Therefore, the angular rate 
assembly which has good detection sensitivity is offered. 

[0037] Next, when it explains referring to drawing 9 - drawing 1 1 about the 3rd operation gestalt of 
this invention, drawing 9 is the front view of the angular rate assembly concerning the 2nd operation 
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gestalt, and drawing 10 is the sectional view which cut the angular rate assembly of drawing 9 R> 9 
at the flat surface which met three to 3 line. This angular rate assembly is different from the 2nd 
operation gestalt only in the point that the coil for detection (the 1st coil, the 2nd coil 32 and 33) 
explained with the 2nd operation gestalt is used also as a coil for a drive. That is, this angular rate 
assembly is equipped with the oscillating object 41 fixed to the substrate 40, and the 1st and 2nd coil 
42 and 43 for a drive and detection. 

[0038] The oscillating object 41 consists of the same magnetostriction ingredient as the oscillating 
object 31 of the 2nd operation gestalt, and is constituted from column-like 2nd oscillating section 
41b, 1st connection section 41c, and the 41 d of the 2nd connection sections by the abbreviation 
rectangular parallelepiped as well as column-like 1st oscillating section 41a in the abbreviation 
rectangular parallelepiped. The axis of 1st oscillating section 41a and the axis of 2nd oscillating 
section 41b are parallel. 

[0039] The structure of the oscillating object 41 is the same as the 2nd operation gestalt. That is, 
adhesion immobilization of each end section of the 1st and 2nd oscillating sections 41a and 41b is 
carried out at the substrate 40. 1st connection section 41c has connected 1st oscillating section 41a 
and 2nd oscillating section 41b in the location estranged from the substrate 40. Adhesion 
immobilization is carried out and the 41 d of the 2nd connection sections has connected both with the 
substrate by the part near the substrate of the 1st and 2nd oscillating sections 41a and 41b. 
[0040] The 1st coil 42 is for detecting the field generated in 1st oscillating section 41a, it is wound 
around the perimeter of 1st oscillating section 41a, and the magnetic flux which passes through the 
inside of 1st oscillating section 41a interlinks it while giving the predetermined amplitude and the 
drive field of a period to 1st oscillating section 41a and vibrating this 1st oscillating section 41a. 
Similarly, the 2nd coil 43 is for detecting the field generated in 2nd oscillating section 41b, it is 
wound around the perimeter of 2nd oscillating section 41b, and the magnetic flux which passes 
through the inside of 2nd oscillating section 41b interlinks it while giving the predetermined 
amplitude and the drive field of a period to 2nd oscillating section 41b and vibrating this 2nd 
oscillating section 41b. It has the clue [ with this 2nd same coil 43 ] origin as the 1st coil 42 
(resistance, inductance, etc.). 

[0041] Drawing 1 1 shows the outline of the detector of the angular rate assembly concerning the 
above-mentioned 3rd operation gestalt. This detector is different to the detector concerning the 2nd 
operation gestalt shown in drawing 8 only in the point that the drive circuit 24 is connected to the 1st 
and 2nd coil 42 and 43 through resistance Rl 1 and R12, respectively. Thereby, the driver voltage of 
the same period is given to the 1st and 2nd coil 42 and 43 with the same amplitude, and the same 
drive current energizes. 

[0042] Next, if actuation of the angular rate assembly constituted as mentioned above is explained, 
about generating of the field accompanying vibration of the oscillating object 41 by impression of 
driver voltage, generating of the Coriolis force by angular velocity, telescopic motion of the 
oscillating object 41 by Coriolis force, and telescopic motion of the oscillating object 41, it is the 
same as that of the 1st and 2nd operation gestalt. That is, if the angular velocity of the circumference 
of the shaft (Z-axis of drawing 9 ) which intersects perpendicularly with the oscillating direction (Y 
shaft orientations of drawing 9 ) by the drive field to the oscillating object 41 is added, 1st oscillating 
section 41a and 2nd oscillating section 41b will generate the field (field from which a phase differs 
180 degrees) from which the sense differs 180 degrees towards intersecting perpendicularly with a 
substrate 40. 

[0043] Moreover, since the 1st and 2nd oscillating sections 41a and 41b are connected in 1st 
connection section 41c and the 41d of the 2nd connection sections, the magnetic flux of the field 
generated in the 1st and 2nd oscillating sections 41a and 41b passes 1st connection section 41a, the 
4 Id of the 2nd connection sections and 2nd oscillating section 41b, and 1st connection section 41c as 
a magnetic path. Thereby, in the 1st and 2nd coil 42 and 43, the magnetic flux from which a 
direction differs 180 degrees interlinks. 

[0044] On the other hand, the magnetic flux of the drive field which the 1st and 2nd coil 42 and 43 
makes to each of the 1st and 2nd coil 42 and 43 interlinks in the same direction. For this reason, the 
induced voltage generated to each of the 1st and 2nd coil 42 and 43 has the same amplitude produced 
with angular velocity, and the induced voltage from which a phase differs 1 80 degrees, and the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/1/2005 



JP,2001-174263,A [DETAILED DESCRIPTION] 



Page 7 of 8 



amplitude and phase which were produced by the drive field serve as a value which applied the same 
induced voltage. 

[0045] The induced voltage of this 1st and 2nd coil 42 and 43 is inputted into the differential 
amplifier OP, and the differential amplifier OP outputs the difference of both electrical potential 
differences. Consequently, a part for the induced voltage by the drive field is offset, and the induced 
voltage produced in each coils 42 and 43 with angular velocity becomes twice, and it is outputted. 
And this output is amplified in the AC amplifying circuit 21, and the synchronous-detection circuit 
22 is rectified and integrated with it, and it is amplified and outputted in the DC amplifying circuit 
23. 

[0046] As explained above, while a part for the induced voltage by the drive field is offset, in the 3rd 
operation gestalt, it is outputted to each coils 42 and 43, the electrical potential difference by angular 
velocity by which induction is carried out being used as twice. Therefore, the angular rate assembly 
which has good detection sensitivity is offered. Moreover, the 1st and 2nd coil 42 and 43 for 
angular- velocity detection functions also as a coil for a drive made to generate the field for a drive. 
For this reason, it is not necessary to prepare the coil for a drive separately, and the cost of 
equipment can be reduced. 

[0047] Next, when it explains referring to drawing 12 and drawing 13 about other operation gestalten 
of the angular rate assembly using a magnetostriction ingredient, it is the sectional view cut at the 
flat surface at which drawing 12 met those of this angular rate assembly with an outline perspective 
view, and drawing 13 met four to 4 line in the angular rate assembly of drawing 12 . This angular 
rate assembly is called the so-called tuning fork mold, and the tuning fork 50 is formed from the 
same magnetostriction ingredient as the 1st operation gestalt, and it consists of base 50a, sound 
crotched portion 50for excitation b, and sound crotched portion 50for detection c. 
[0048] Sound crotched portion 50b for excitation has the abbreviation square pole configuration, and 
is extended from base 50a to one side. The coils 51a, 51b, 52a, and 52b for excitation which vapor- 
deposited Au so that it might have a curled form clockwise pattern are formed in each side face of 
sound crotched portion 50b for excitation. Sound crotched portion 50c for detection has the same 
configuration as sound crotched portion 50b for excitation, and is extended in parallel with sound 
crotched portion 50b for excitation towards said one side from base 50a in the location which 
separated sound crotched portion 50b for excitation, and a predetermined distance. 
[0049] Moreover, the coils 53a, 53b, 54a, and 54b for detection which vapor-deposited Au so that it 
might have a curled form pattern are formed in the field which intersects perpendicularly with the X- 
axis which is the side face of sound crotched portion 50c for detection, and was shown in drawing 
13 . Among these, the coils 53a and 54a for detection are formed on the same field, and the coils 53b 
and 54b for detection are formed on the same field. Moreover, while coil 53a for detection and coil 
53b for detection are arranged so that it may counter mutually, it connects with a serial in the 
detector which is not illustrated, and the induced voltage produced in each coil is compounded. 
Similarly, while coil 54a for detection and coil 54b for detection are arranged so that it may counter 
mutually, it connects with a serial in the detector which is not illustrated, and the induced voltage 
produced in each coil is compounded. Furthermore, the positive/negative of which synthetic induced 
voltage is reversed in the detector which is not illustrated, and the induced voltage (synthetic induced 
voltage) by which the coils 53a and 53b for detection were compounded, and the induced voltage 
(synthetic induced voltage) by which the coils 54a and 54b for detection were compounded are 
superimposed by other synthetic induced voltage. 

[0050] Next, if actuation of the above-mentioned angular rate assembly is explained, in the coils 51a 
and 5 lb for excitation, the current of a sine wave with same amplitude and phase will energize. 
Moreover, in the coils 52a and 52b for excitation, the current and amplitude which are energized in 
said coils 51a and 51b for excitation are the same, and the current of the sine wave from which a 
phase differs 180 degrees energizes. A field as shown by the arrow head of a broken line in drawing 
13 occurs by this, and a synthetic field becomes what met X shaft orientations of drawing 13 as the 
arrow head of a continuous line showed all over this drawing. This synthetic field vibrates having the 
period of said sinusoidal current, and turns into an excitation field. 

[0051] It will expand and contract according to a magnetostrictive effect, and if the above-mentioned 
excitation field is added, sound crotched portion 50b for excitation will vibrate along with the X- 
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axis. Since a rightward excitation field joins a right half, this reduces a left half and a right half 
specifically elongates when sound crotched portion 50b for excitation is classified into right and left 
with a center line parallel to a Y-axis in drawing 13 , and a leftward excitation field joins a left half, 
sound crotched portion 50b for excitation deforms leftward (the negative direction of the X-axis). 
Moreover, since a leftward excitation field joins a right half, this elongates a left half and a right half 
reduces when a rightward excitation field joins the left half of sound crotched portion 50b for 
excitation, sound crotched portion 50b for excitation deforms rightward (the forward direction of the 
X-axis). And such deformation occurs by turns according to an excitation field, and sound crotched 
portion 50b for excitation vibrates. 

[0052] If sound crotched portion 50b for excitation vibrates, sound crotched portion 50c for 
detection will resonate, and will vibrate along with the X-axis. If the angular velocity of the 
circumference of the Z-axis is added at this time, in sound crotched portion 50for detection c, the 
Coriolis force which vibrates in Y shaft orientations will occur. For this reason, sound crotched 
portion 50c for detection is crooked by turns also in forward [ of a Y-axis ], or the negative direction. 
Consequently, sound crotched portion 50c for detection is reduced to a crookedness side, and as the 
arrow head showed drawing 13 , the field of the negative direction (or the forward direction) of the 
X-axis is generated according to a magnetostrictive effect. Moreover, in the opposite side, it 
elongates a crookedness side, and sound crotched portion 50c for detection generates the field of the 
forward direction (or the negative direction) of the X-axis according to a magnetostrictive effect. 
And the field generated in this way makes each of the coils 53a, 53b, 54a, and 54b for detection 
generate induced voltage. This induced voltage is processed by the detector which was mentioned 
above and which is not illustrated, and serves as an output of an angular rate assembly. 
[0053] As explained above, this angular rate assembly realizes the conventional tuning fork mold 
angular rate assembly using a magnetostriction ingredient, and since it is made to superimpose so 
that the induced voltage produced with angular velocity to each of four coils 53a, 53b, 54a, and 54b 
for detection may not be offset mutually and outputs, it is what has a high detection precision. 
[0054] As mentioned above, as explained, according to this invention, the high angular rate assembly 
of detection sensitivity is offered, using a magnetostriction ingredient. In addition, this invention is 
not limited to each operation gestalt explained above, and other gestalten can be used for it within 
the limits of this invention. For example, in the 1st operation gestalt, although the 1 Id of the 2nd 
connection sections was formed from the same magnetostriction ingredient as the 1st and 2nd 
oscillating sections 11a and lib, the thin film which may consist of ingredients which have larger 
permeability than the permeability of this magnetostriction ingredient, or consists of such high 
permeability materials may be stuck on the side face of the lid of the 2nd connection sections 
(except for the side face of a magnetometric sensor 12). 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 13] 




[Drawing 12] 
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[Translation done.] 
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